Purpose: To assess the usability and safety of the disposable pen compared to those of reusable devices in patients receiving recombinant human growth hormone (rhGH) treatment. Patients and methods: This study was a multicenter, single-arm, open-label, switch-over, prospective, Phase IV trial. After screening, eligible patients who were previously treated with rhGH using a reusable device were enrolled to receive treatment with the disposable pen for 8 weeks. The ease of use, preference, and tolerability of the disposable pen compared to those of the reusable device were assessed by the subjects and/or their caregivers using a questionnaire. Adverse events were evaluated by the investigators. Results: Of 116 subjects enrolled in this study, 115 received treatment with the disposable pen and 109 completed the study. The mean age of the subjects was 9.4 years. Compared to the previous reusable device, the disposable pen was assessed as significantly easier to use (mean value 7.88, 95% confidence interval (CI) [7.45-8.30] on a numerical scale ranging from 0 (far less easy) to 10 (far easier)). Furthermore, the percentage of subjects who preferred the disposable pen to the previously used reusable device was 75.7% (95% CI [67.6%-83.8%]). The percentages of subjects who rated pain and discomfort at the injection site as "not at all" were higher after using the disposable pen compared to the reusable device. No specific safety concerns were identified. Conclusion: The disposable pen is easier to use than the reusable devices and is preferred by approximately 75% of patients receiving rhGH treatment. Moreover, the disposable pen is safe and acceptable. Therefore, it could be a good alternative to reusable devices. The disposable pen is expected to provide benefits to patients receiving rhGH treatment. Clinicaltrials.gov identifier: NCT03015909.
Introduction
Recombinant human growth hormone (rhGH) is used to treat various growth disorders. The general therapeutic goals of rhGH treatment in pediatric growth disorders are for the patients to reach a normal adult height or approach their target height. [1] [2] [3] To achieve these goals, continuous and long-term treatment is required.
basis, are likely to result in poor treatment adherence, 4, 5 which can make it difficult to reach therapeutic goals in pediatric growth disorders. Growth rates are significantly lower in patients with poor adherence to rhGH treatment than in those with better adherence. 6 Some studies have shown that poor adherence to long-term rhGH therapy is associated with needle injection therapy, but injection devices that are easier to use have been shown to improve adherence, and this ultimately enhances clinical outcomes. [6] [7] [8] [9] [10] [11] Therefore, it is essential that administration devices are convenient, easy, safe to use, and acceptable to patients. 5 There have been several advances addressing usability and tolerability in rhGH injection devices over the years. Reusable devices were introduced in the 1990s and are currently often used. However, several steps are required for the patient and/or caregiver to prepare reusable devices for injection, including the exchange of a cartridge. In particular, in case of some devices, the reconstitution procedure is required prior to the injection. Therefore, disposable pens for the administration of rhGH were developed to avoid the disadvantages of reusable devices. Eutropin Pen (LG Chem, Ltd., Seoul, Republic of Korea) is a disposable pen prefilled with cartridge containing a liquid formulation of rhGH and does not require replacement of the cartridge. The objective of the study was to assess the usability and safety of the disposable pen (Eutropin Pen) compared to those of reusable devices.
Subjects and Methods

Study Subjects
Patients between 4 to 15 years of age were included in the study if they met following criteria: being currently treated with rhGH using the same reusable device for ≥3 months before screening; the person who mainly injected rhGH using the previous reusable device (for at least 6 weeks in the last 3 months) can continuously inject rhGH to the patient during the study period; and eligibility for the study treatment, such as growth failure due to growth hormone deficiency (GHD), Turner syndrome (TS), chronic renal failure (CRF), being born small for gestational age (SGA), or idiopathic short stature (ISS).
Exclusion criteria included patients with any contraindication to use of rhGH. Patients who were scheduled to receive injections on a regular basis other than the investigational product during the study period were also excluded.
Study Design
This study was a multicenter, single-arm, open-label, switch-over, prospective, Phase IV study conducted at 15 centers in the Republic of Korea from August 2016 to December 2017. The study was conducted in compliance with the ethical guidelines of the Declaration of Helsinki and Good Clinical Practices and was approved by the institutional review board of each study site. Written informed consent was obtained from all subjects and their legally authorized representatives, and the study was registered at ClinicalTrials.gov (NCT03015909).
The study was conducted over 8 weeks. All eligible subjects were enrolled at Visit 1 (Day 1), and ease of use and tolerability of the previous reusable device were assessed by the subjects and/or their caregivers through the questionnaire. The reusable device being used was replaced with the disposable pen at this time. There was no washout period. The regimen of rhGH treatment was determined at the discretion of the investigator according to the approved dosage for each indication. All subjects and their caregivers were trained by the investigator or nurse on how to use the disposable pen. Subjects were to receive rhGH treatment for 8 weeks. The subjects visited the study site at Visit 2 (Day 57) for evaluation of ease of use, preference, and safety assessments of the disposable pen compared to the previous reusable device.
Assessment Methods
Ease of use, fear of the needle of both the disposable pen and the reusable device, and preference for the disposable pen against the previous reusable device were assessed using the questionnaire (supplementary material). The subjects and/or their caregivers completed a questionnaire about the previously used reusable device at Visit 1 and a questionnaire about the disposable pen at Visit 2. The person who completed the questionnaire at Visit 1 was to have filled out the questionnaire at Visit 2.
The primary endpoints were ease of use and preference for the disposable pen against the previous reusable device, assessed after 8 weeks of using the disposable pen. Ease of use was measured using a quantitative scale ranging from 0 (far less easy) to 10 (far easier), and preference was chosen from three choices (prefer the disposable pen, prefer the reusable device, or no preference). The secondary endpoints included ease of use based on each injection step, preparation time for injection, and fear of the needle of both the disposable pen and the reusable device. Ease of use based on each injection step and fear of the needle were measured using a 5-point scale. The benefits of the disposable pen and treatment adherence to the disposable pen were also assessed as secondary endpoints. Safety assessments included the monitoring of adverse events and an evaluation of tolerability. Pain and discomfort at the injection site were measured using a 5-point scale through the questionnaire for the tolerability evaluation.
Statistical Analysis
The sample size to assess the ease of use and preference for the disposable pen against the previous reusable device was determined using a significance level of 2.5% and a one-sided test. The planned enrollment was 116 subjects, which would provide 90% power to detect that the lower limit of a 95% confidence interval (CI) of the mean value of the numerical scale in ease of use of the disposable pen against the reusable device was greater than the neutral value of 5. This was assuming a mean value of 6.89 and a standard deviation (SD) of 2.52. The lower limit of the 95% CI also would be used to detect that the percentage of subjects who prefer the disposable pen to the previous reusable device or do not prefer either was greater than 50%, assuming a percentage of 65.2%. This calculation was based on the assumption of a 10% drop-out rate.
Usability analyses were based on the per protocol set consisting of all subjects with treatment adherence greater than 80% during the 8-week treatment period and who completed the study without protocol deviations that had a significant impact on the evaluation. Safety analyses were performed on the safety set, which included all enrolled subjects who received at least one dose of the investigational product.
For continuous usability variables, the descriptive statistics and the 95% CI were summarized. For categorical data, frequency and percentage were presented, and the differences between pre-and post-treatment of the investigational product were analyzed using Bhapkar's test. For adverse events, the number and percentage of the subjects who had experienced at least one adverse event and the total number of events were summarized. For tolerability data, the number and percentage of the subjects were presented, and the differences between pre-and post-treatment of the investigational product were analyzed using Bhapkar's test. Statistical data analyses were performed using SAS ® version 9.4 (SAS Institute, Inc., Cary, NC, USA).
Results
Subject Disposition and Baseline Characteristics
A total of 116 subjects were enrolled, and 115 were treated with the investigational product at least once and included in the safety analyses. A total of 109 subjects completed the study, and 107 were included in the usability analyses ( Figure 1 ). A total of 9 subjects were excluded from the usability analyses, for the following reasons: 5 subjects deviated from the inclusion criteria, 3 did not complete the study (2 "withdrawal of consent" and 1 "other reason"), and 1 had less than 80% adherence to the study treatment. The mean (SD) age of the subjects was 9.4 (2.8) years, with a range of 4-15 years of age ( Table 1 ). The most common indication for rhGH treatment was ISS (57.9%), followed by GHD (28.0%). The mean duration since diagnosis was 26.3 months. For the 3 months prior to enrollment, 43.0% and 42.1% of subjects had been using an electronic device with a liquid cartridge and a pen with a dual-chamber cartridge, respectively, and the remaining subjects (15.0%) had been using a pen with a liquid cartridge. 
Usability results
The mean value (SD) of ease of use of the disposable pen against the previous reusable device was 7.88 (2.22), with a 95% CI of 7.45-8.30. Since the lower limit of the 95% CI of the mean value of ease of use was greater than 5, it was confirmed that the disposable pen was easier to use than the previous reusable device. Furthermore, the percentage of subjects who preferred the disposable pen to the previous reusable device (n = 81) or who did not prefer either (n = 0) was 75.7% (81/107 subjects), with a 95% CI of 67.6%-83.8%. Since the lower limit of the 95% CI of the percentage of subjects was greater than 50%, it was confirmed that the disposable pen was preferred to the previous reusable device. For the primary endpoints, subgroup analyses were performed (Table 2 ). Compared to the subgroups of those who had used an electronic device with a liquid cartridge or those who had used a pen with a liquid cartridge, the subgroup that had been using a pen with a dual-chamber cartridge had the highest ease of use score (mean value = 8.40) and the highest percentage of subjects who preferred the disposable pen to the previous reusable device or who did not prefer either (80.0%).
Overall ease of use of the disposable pen based on each injection step was considered "very easy" by 71 subjects (66.4%) and the percentage of subjects was higher compared to that of the previous reusable device (27.1%, p<0.0001). In addition, the injection step of replacing the cartridge when the remaining doses were exhausted was rated as "very easy" by 91 subjects (85.0%). This was the biggest change compared to the previous reusable device, which was evaluated as "very easy" by 33 subjects (30.8%, p<0.0001). A greater percentage of subjects, based on each injection step, considered the disposable pen to be "very easy" or "a little easy" to use compared with the previous reusable device (Figure 2) . Although the step of checking for completion of drug injection showed no statistically significant difference of ease of use between the previous reusable device and the disposable pen (p=0.3884), the percentage of subjects who rated this injection step of the disposable pen as "very easy" was numerically higher by 10% compared to the previous reusable device. For 73 subjects (68.2%), the injection preparation time of the disposable pen took <2 mins. Of the remaining subjects, 28 (26.2%) and 4 (3.7%) were able to prepare the disposable pen for injection in 2-5 mins and 5-10 mins, respectively, and 2 subjects (1.9%) needed more than 10 mins (Figure 3) . In general, the injection preparation time shortened when using the disposable pen compared to the previous reusable device (p=0.0023).
The benefit of the disposable pen, that was most frequently rated high by subjects, was simple operation (no need of cartridge replacement), followed by the large capacity with a long replacement cycle (Figure 4) . Fear of the needle tended to be reduced when using the disposable pen compared to the previous reusable device; 15 (14.0%) responded that they were not afraid of the needle at all when injecting using the reusable device, while 26 subjects (24.3%) responded that they were not afraid of the needle at all when injecting using the disposable pen (p=0.0025, Figure 5 ).
Safety Results
Mean treatment adherence to the disposable pen, assessed through subjects' diaries, was 94.9%. Mean (SD) dose of rhGH injected during the 8-week treatment period was 0.84 (0.14) IU/kg/week.
A total of 8 adverse events were reported by 5 subjects (4.3%). All adverse events were mild in severity, and no adverse drug reactions related to the investigational product or serious adverse events were reported. Pain and discomfort at the injection site of the reusable device, assessed through the questionnaire, were considered "not at all" by 7 (6.1%) and 18 subjects (15.7%), respectively. On the other hand, pain and discomfort at the injection site of the disposable pen were rated as "not at all" by 16 (14.0%) and 30 subjects (26.3%), respectively, and the percentages of subjects who considered pain and discomfort at the injection site as "not at all" were higher compared to those of the previous reusable device (p<0.0001, Figure 6 ).
Discussion
In this study, ease of use of the disposable pen was confirmed compared to the previous reusable device. In addition, a greater percentage of subjects considered the disposable pen to be "very easy" or "a little easy" to use based on each injection step compared to the reusable device, and the biggest change was observed in the injection step of replacing the cartridge when the remaining doses were exhausted. Figure 4 Benefits of the disposable pen (Per protocol set). Notes: Multiple choices were allowed for each subject.
14.0% Figure 5 Fear of the needle of the reusable device and the disposable pen (Per protocol set). The difference of the fear of the needle between the previous reusable device and the disposable pen was significant by Bhapkar's test (p=0.0025).
There was no limit on the types of reusable devices that subjects used previously. As a result, subjects who had used an electronic device with a liquid cartridge, a pen with a dual-chamber cartridge, or a pen with a liquid cartridge were enrolled in this study, and the subgroup that had been using a pen with a dual-chamber cartridge showed a higher score in ease of use of the disposable pen than the subgroups previously using an electronic device with a liquid cartridge or a pen with a liquid cartridge. Since a pen with a dual-chamber cartridge needs replacement of the cartridge and reconstitution, subjects would have considered the disposable pen, which does not require these steps, easier to use. This finding is supported by the results that most subjects (92.5%) rated simple operation (no need for cartridge replacement) as a benefit of the disposable pen, 94.4% of subjects took less than 5 mins preparing the disposable pen for injection, and the preparation time significantly shortened compared with the reusable devices. In other studies, 7, [12] [13] [14] the ease of use of two different injection devices was compared because the comparator was fixed. In this study, ease of use of the disposable pen was compared with those of three reusable devices by not limiting the comparator when enrolling subjects. Although the results of the subgroup analyses of this study should be carefully interpreted because of the small number of subjects included in each subgroup, the results are expected to provide more information to patients who are receiving rhGH treatment and their caregivers, as well as healthcare providers when selecting injection devices. Three-quarters (75.7%) of subjects preferred the disposable pen to the previous reusable device. This preference for the disposable pen was consistent with the results of other studies that compared a disposable pen and a reusable device. 7, 12 Based on the findings of this study that simple operation and less pain considered as a benefit of the disposable pen by 92.5% and 20.6% of subjects, respectively, these characteristics of the disposable pen, which provide ease of use and less pain, may have affected the preference of subjects and their caregivers. In addition, considering the highest percentage of subjects who preferred the disposable pen to the previous reusable device in the subgroup that had been using a pen with a dualchamber cartridge which required multiple steps to prepare Figure 6 Pain and discomfort at the injection site (Safety set). The differences of the pain and discomfort at the injection site between the previous reusable device and the disposable pen were significant by Bhapkar's test (p<0.05).
for injections, this supports the idea that ease of use of the disposable pen may have affected the preference. Treatment adherence to the disposable pen, calculated by the number of days of administration, was 94.9%. Although the methods for measuring treatment adherence were slightly different in each study, the results of this study showed high levels of adherence. The features of the disposable pen, which is easy to use, easy to set an administration dose, and less painful and uncomfortable to use, may have contributed to the overall increase in treatment adherence. The results of this study support previous findings that easier injection devices resulted in high treatment adherence. 6, 7 In addition, considering better adherence to treatment leads to increased clinical outcomes, 7,10 the disposable pen is expected to improve clinical outcomes of patients who receiving rhGH treatment. However, because treatment adherence to the reusable device was not measured in the study, a direct increase in adherence after using the disposable pen could not be assessed. Another limitation of the study is that the training method was not evaluated. Because only the treatment period of use of the disposable pen was included in the study, the training method of the reusable device could not be controlled and assessed. Therefore, the training methods of the reusable device and the disposable pen may have been different, which might have affected the results of usability and treatment adherence. Nevertheless, the subjects and their caregivers were trained on how to use the reusable device and the disposable pen according to common practice, and the results from the study reflect general medical care. In addition, the usability of the reusable device and the disposable pen were evaluated by the same person, and reliable results could be obtained by using the same scale through the questionnaire. Further studies designed as cross-over studies that include all treatment periods using comparable injection devices are needed to control the training methods and evaluate treatment adherence and ease of training between the injection devices.
Conclusion
The disposable pen is easier to use than reusable devices and was preferred by approximately 75% of patients receiving rhGH treatment. Moreover, the disposable pen is safe and tolerable to patients and caregivers. Therefore, the disposable pen could be a good alternative to reusable devices. It is expected that the disposable pen would provide benefits to patients receiving rhGH treatment.
Abbreviations CI, confidence interval; CRF, chronic renal failure; GHD, growth hormone deficiency; ISS, idiopathic short stature; rhGH, recombinant human growth hormone; SD, standard deviation; SGA, small for gestational age; TS, Turner syndrome.
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